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In the following pages, I wish to call attention to some re¬ 
markable events which I have observed in the life-history of 
Entamoeba ranarum Grnssi, an organism which I have been 
studying for some time, and whose life-cycle—so far as I had 
succeeded in following it—I have already described in a 
previous paper (2). I will divide my remarks into two sections 
—I, a description of the phenomena actually observed, and 
II, a discussion of their significance. 

I. 

I have given elsewhere (2) a detailed description of E. 
ranarum, but I must here briefly refer to the structure of 
an ordinary individual once more. A typical amoeba, taken 
from the rectum of a frog or toad, measures—roughly speak¬ 
ing—20-30 [i in diameter, and has a nucleus whose diameter 
is about 6 fi. For comparison with the forms I am about to 
describe, I have given a figure of an ordinary organism (text-fig. 
A, 1), showing the structure of the nucleus. The latter has 
most of its chromatin in the form of granules arranged peri¬ 
pherally, so that it has an annular appearance in optical section. 

Now I occasionally found forms which differ from these 
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ordinary forms in a most striking manner. They are usually 
of larger size (40-50/t) and possess a much modified nucleus 
(text-fig. A, 2). Although this modification varies—both as 
regards its type and extent—in different individuals, itisnever- 
theless always characterised by two features—enlargement 
and peripheral thickening (c f. text-fig. A, 2). Very often, the 
edge of the nucleus is thrown into folds (text-figs. B, 0, 1). 

As will readily be seen from the figures, these modified 

Text-fio. A. 



Entauiuiba rami rum. Drawings (to scale) showing the struc¬ 
ture of the nucleus (n) in an ordinary individual (1) and in one 
undergoing degeneration (2), in optical section. (The structure 
of the cytoplasm is not shown.) 

forms are very striking. For some time I was unable to 
determine their origin, and their proper place in the life-cycle 
of the amoeba; but I have now been able to prove that these 
unusual forms are undergoing a process of degeneration, 
which finally results in death. At first I obtained various 
isolated stages in the process in animals from different hosts, 
at different times, but f have now succeeded in following out 
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the whole process in the amoeba} from two toads which 1 
recently examined (January, 1909; both animals were from 
the same locality). 

The first stage in the process of degeneration consists in 
an increase in the size of the nucleus, with a well-marked 
peripheral thickening. All stages intermediate between 
those shown in text-fig. A, 1 and text-fig. B were to be found. 
During this process, there does not appear to be any consider¬ 
able increase in the actual amount of chromatin present in the 
nucleus: for though the degenerate nucleus often attains twice 

Text-fig. B. 



E. ran arum, an individual in process of degeneration, x = Nucleus 
f = Food bodies. 

the diameter of the normal nucleus, it nevertheless stains much 
less deeply with chromatin stains (compare text-figs. A, 1 and 
2). The central part is usually almost free from chromatin in 
the degenerating animals (see text-fig. C, 1). During these 
morphological changes in the nucleus, chemical changes also 
take place. A number of refractive granules make their 
appearance in the nucleus (text-fig. A, 2, etc.). These granules 
do not take up the nuclear stain, and are very distinct in the 
living animal. In later stages of degeneration, they are re¬ 
placed by granules of brown pigment : but whether they are 
directly converted into pigment, or whether the pigment is a 
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subsequent formation, I am unable to say with certainty. It 
appears to me probable that the refractive grannies are 
directly transmuted into pigment. In organisms which 
have degenerated to a considerable extent, a great deal of 
pigment may be present in the nucleus (see text-fig. D, 2). 

As degeneration proceeds, the nucleus becomes again 
modified. It tends to become a more uniformly staining mass 
(text-fig. C, 2), losing its foldings and distinct peripheral 
thickening. It seems to be undergoing a process of dissolu¬ 
tion at this stage. From the fact that many such nuclei were 
found lying freely in the gut of the host (together with 

Text-fig. C. 



1 2 . 
Degeneration nuclei. 


enucleate amoebae), it seems probable that the nucleus may be 
bodily ejected from the cell at this period. However, I have 
not observed this in the living animal. 1 

Certainly, in many cases the nucleus now undergoes absorp¬ 
tion—the process proceeding until only the granules of brown 
pigment are left (text-fig. E, 1). These amoeba) are still quite 
active, and have a very curious appearance whilst alive. 

Even the pigment, however, may totally disappear, and 
amoeba) result which show no vestiges of the nucleus which 
was originally present (see text-tig. E, 2). These enucleate 
forms in their last stages, contain practically no food material, 
ft is remarkable that, although in early stages of degeneration 
the amoeba) are often full of food bodies in various stages of 

1 Pmndtl (11) describes this as occurring in Amoeba proteus. 
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digestion (cf. text-fig. B), yet as degeneration proceeds no 
more food is ingested, and that originally present is but slowly 
digested. A few undigested remains of food are often seen 
in the enucleate forms (see text-fig. E, 2), but these are 
often quite hyaline and free from all trace of cytoplasmic 
inclusions. 

How long these organisms are able to remain alive in this 
condition when inside their host, I am unable to say. I have 
observed them undergoing active, and apparently quite normal, 
movements for many hours under the microscope, before 
death finally supervened. There is no difficulty in making 
such observations on the living animals, for—with proper 

Text-fig. D. 



1 . 2 ,. 

Degeneration nuclei; in optical section. P. yr. = Pigment granules. 

procedure—the structure can be observed in the living animal 
with as much precision as in a fixed and stained preparation. 

There is absolutely no evidence to show that the amoebae 
are capable of recovery after the processes of degeneration 
which I have just described have once set in. I should also 
point out that this kind of degeneration and death differs 
entirely from that which happens to an ordinary individual 
when removed from its host. It is also quite different from 
the simple degenerative changes which sometimes occur in 
hypertrophied animals which have been kept for some days 
in cultures of the fmces (see 2, p. 249). 

On several occasions I have found degenerate nuclei of the 
type seen in text-fig. D, 1. In these the whole of the central 
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mass of nuclear matter lias shrunk away from the membrane. 
1 am not sure what takes place subsequently, but it appears 
probable that such nuclei undergo a simple process of 
disintegration. 


11 . 

More than thirty years ago, Brandt showed that enucleate 
fragments of Acti nosplue ri um invariably die. And many 
subsequent workers—Nussbaum, Gruber, Hofer, Venvorn, 
Balbiaui, and others—have proved that this rule is of general 


Text-fig. E. 



Enucleate amoeba), in late stages of degeneration. P. (jr. = Pigment 

granules. 


application. They have proved by direct experiment that if 
a protozoon be divided into two parts—one containing the 
nucleus, the other enucleate—then only the nucleate part is 
capable of carrying out the vital functions of the animal for 
any length of time. The enucleate part invariably dies— 
sooner or later. Of especial interest in the present case is the 
work of llofer (10). This investigator experimented upon the 
free-living Amoeba proteus. lie cut the organism into two 
parts—one of which contained the nucleus, the other being 
enucleate. By keeping both parts under constant observation 
he found that the nucleate part continued to live and perform 
its various functions in the normal manner. The enucleate 
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part, on the other hand, though it remained capable of 
movement for many days, invariably died in the eud. Whilst it 
continued to live, however, it was seen to be incapable of 
ingesting food material, and apparently had but little power 
to digest further such food as was already present. Hofer 
concluded that the power of locomotion exists in the cytoplasm, 
independent of the nucleus : but that ingestion and digestion 
of food by the cytoplasm are possible only with the co-opera¬ 
tion of the nucleus. 

These two important conclusions are supported by the facts 
which I have just described in Entamoeba ranaruin. 
Enucleation in this case, however, is gradual, so that the change 
of properties in the resulting organism is not so sharply marked 
as in the case of a vivisected amoeba. But the resulting 
animal, without a nucleus, is—as we have seen—capable of 
locomotion, but incapable of ingesting and assimilating food. 

The phenomena of physiological degeneration and death 
which I have described in E. r ana rum in the preceding 
section, are paralleled in other Protozoa (cf. Hertwig [4, 6 ; 
8], etc., Dobell [1, 3J). The most striking parallel is seen in 
the case of Amoeba pro tens, which has been shown by 
Prandtl ( 11 ) to undergo a process of physiological degenera¬ 
tion very similar to that which I have observed in E. ranaruin. 
I wish here to say a few words regarding the cause and 
significance of these phenomena. As the majority of the facts 
have been admirably dealt with already by Ii. Hertwig, I will 
limit myself to as few remarks as possible, 

Richard Hertwig, who originated the term “ physiological 
degeneration” for these phenomena, seeks to elucidate them 
by means of his hypothesis of the karyoplasmic relation 
(“ Kernplasmarelationstheorie”). The degeneration is the 
result of the overgrowth of the nucleus as compared with the 
cytoplasm. If this overgrowth is not corrected—e. g. by the 
elimination of nuclear matter—then death results. Hertwig's 
own observations upon Aetinosplnerium, Dileptus, 
Paramecium, etc., speak strongly in favour of this 
interpretation. 
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The overgrowth of the nucleus, resulting in a condition of 
depression or physiological degeneration, may he induced, 
according to Ilertwig, either by over-feeding or by starvation, 
and also by change of temperature. Let us consider these 
factors in the case of E. ran arum. 

In the first place, it appears to me that neither excess nor 
deficiency of nutriment can be the cause of physiological 
degeneration in Entamoeba ran arum. 1 I usually found 
considerable numbers of amoebic undergoing degeneration 
together, and among these it was always easy to find all 
forms from those literally packed with food (cf. fig. B) to 
those containing practically none. Although the degenerate 
amoebic occurred together in large numbers, I cannot believe 
that an excessive metabolic activity, which accompanied the 
preceding period of rapid multiplication, could be the cause 
of degeneration. For I have frequently found perfectly 
normal individuals present together in equally large numbers. 

With regard to temperature, the facts are interesting, 
though inconclusive. I find on referring to my note-book 
that the degenerate amoebic which I have found occurred in 
January (1908, 1909) and February (1907). Now I believe 
the development of E. ran arum in the frog normally culmi¬ 
nates in encystation. And it is only in the mouths of Decem¬ 
ber, January, and February that I have ever found encysting 
animals (see 2). Before encystation, as I have already 
recorded (2), a very curious process takes place—an elimina¬ 
tion of a considerable amount of chromatin from the nucleus. 
Now, us has already been shown by Ilertwig and his school, 
in many Protozoa the size of the nucleus—as compared with 

1 Praudtl (11) apparently attributed the physiological degeneration 
which he observed in Amoeba proteins to active multiplication, 
through prolongation of suitable conditions, at a time when multipli¬ 
cation—in the ordinary course of events—would have ceased. The 
AuKuby were collected in autumn—“ also gegen Sclduss der Vermeli- 
rungsperiode der meisten freilebenden Protozoen. Indent nun dieTiere 
durcli die gebotenen gunstigen Vermehrungsbedingungen zu weiteren 
Teilungen veranlasst warden, gingen sie ihrer physiologischen Degenera¬ 
tion entgegen." 
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the cytoplasm—increases with lowering of temperature. 1 This 
at once suggests that the events preceding encystation in 
E. rauarum are somewhat as follows: In winter the lower* 
ing of the temperature leads to an acceleration in the growth 
of the nucleus. In the ordinary course of events the nucleus 
then regulates its size by extruding a quantity of nuclear 
matter into the cytoplasm. This act then calls forth in the 
organism those changes which bring about encystation. 

The occurrence of physiological degeneration could thus 
be explained as follows : When the lowering of temperature 
occurs, some unknown factor acting upon the amoeba prevents 
the elimination of the excess of nuclear material produced. 
This, therefore, would lead to considerable increase in the 
size of the nucleus—which, as 1 have shown, actually occurs. 
As the nuclear material is not given up to the cytoplasm the 
factor which determines encystation does not come into play, 
so that the animal does not encyst. The excess of nuclear 
material is gradually turned into pigment, etc., and the un¬ 
encysted animal finds itself in a highly abnormal condition, 
from which it is unable to recover. It therefore undergoes 
degeneration and death. 

This gives us, I think, a plausible explanation of the 
phenomena which I have observed. There yet remains, 
however, the question—at present unanswerable—What is the 
factor which, ex liypothesi, prevents the regulation, by 
elimination of nuclear matter, of the size of the nucleus, and 
in consequence, prevents encystation and causes death? It 
is conceivably some toxic body—e. g. a secretion of the host, 
or the metabolites of the amoebae themselves, or a toxin pro¬ 
duced by the large numbers of bacteria in the host's gut. On 
the other hand, it may be a factor which lies within the amoeba 2 

1 See, for example, Popoff, Experimentelle Zellstudien,” 4 Arch. f. 
Zellforsclmng,’ Bd. 1, 1908. Lowering of temperature caused both an 
absolute and a relative increase in the size of the nucleus in the Infusoria 
studied. 

That the overgrowth of the nucleus is itself the primary cause of 
degeneration and death appears to me highly improbable. I would as 
soon argue that grey hairs are the cause of old age in man. 
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—in other words, the organism may lose its power of vital 
regulation, and so die cc naturally.” 

This last is at least possible. With increase of knowledge 
it has become necessary to modify considerably the old con¬ 
ception—first precisely stated by Weismann—that the Protista 
are immortal. We now know that cell-death—complete or 
partial—is a common phenomenon in the Protozoa. Many of 
the facts have been already expressed far better than I could 
express them by Bichard Hertwig (see 5, 9 ; etc.). And he 
concludes: i( Im Gegensatz zn Weismann nehine ich an, dass 
schon im normalen Lebensprocess die Keime des Todes 
enthalten sind, dass der Tod keine zufallige Anpassung ist, 
sondern die noth wen dige Conseqnenz des Lebens selbst. 
Somit konnen aucli die Protozoen nicht unsterblich sein in 
dem Sinne wie Weismann will ; sie warden ebenso zn Grande 
gehen miissen wie die vielzelligen Tliiere, wenn nicht Einrich- 
tnngen getroffen waren, welche die sclnidlichen Wirkungen 
des Lebensprocesses compensiren ” (5, p. 73). 

[All the figures are drawn from permanent preparations 
fixed with sublimate alcohol, and stained with DelafiekVs 
hsematoxylin and eosin. They were all drawn under the 
Zeiss 2 mm. apochromatic oil imm. (1*40) with compens.- 
oc. 12.] 


Zoological Laboratory, 

Cambridge, 

April, 1909. 


Literature References. 

1. Dobell, C. C.—“PhysiologicM Degeneration in Opal inn.’’ ‘Quart. 
Journ. Micr. Sci.,' vol. 51, 1907, p. 033. 

2- “ Researches on the Intestinal Protozoa of Frogs and 

Toads,” ‘ Quart. Journ. Micr. Sci..' vol. 53, 1909, p. 201. 

- ‘ Chromidia and the Binuclearity Hypotheses: a Review 

and a Criticism,” ‘Quart. Journ. Micr. Sci./ vol. 53, 1909, p. 279. 


3. 




DEGENERATION AND DEATH IN ENT A MCE DA RANARUM. 721 


4. Hertwig, R.—“Uber Physiologische Degeneration bei Protozoen/’ 

* SB. Ges. Morph. Physiol. Miinclien.,* xvi, 1900. 

5. - "liber Wesen nnd Beclentnng der Bef ruddling/' ‘SB. 

Akad. Miinclien.,* xxxii, 1902, p. 5V. 

6. —- “ Uber das Weeliselverhaltnis von Kern und Protoplasm^/* 

* SB. Ges. Morph. Physiol. Miinclien./ xviii, 1902. 

7. - “ Uber Korrelation von Zell- nnd Kerngrbsse und ihre 

Bedeutnng usw,** 4 Biol. Centralbl./ xxiii, 1903. 

8. — “ Ueber Physiologische Degeneration bei Actinosphse- 
rium Eichhorni/’ ‘Festsclir. £. Haeckel.’ Jena, 1904, p. 301. 

9. - “Uber die Ursache des Todes/' Vortrag, in ‘Allg. Zeitung. 

Miinclien.1906, Nr. 2SS, u. 2S9. 

10. Hofer, B.—“ Experimentelle Untersuclmngen fiber den Einfhiss 

des Kerns anf das Protoplasma," ‘Jena Zeitschr.,’ xxiv, 1890, 
p. 105. 

11. Prandtl, H.—“Die Physiologische Degeneration der Amoeba 

proteus,** 4 Arch. Protistenk./ viii, 1907. p. 281. 


VOL. 53, PART 4. -NEW SERIES. 


51 








